Of related interest is whether epidural opioids alter hepatic blood flow and hence pharmacokinetics. 5 In order to determine whether epidural fentanyl has a significant effect on the cardiac output, mean systemic perfusion pressure, heart rate and hepatic blood flow, an investigation was carried out on patients presenting for thoracotomy.
Epidural opioids have an established place in postoperative pain control. Superior analgesia compared with other routes of opioid administration, prolonged duration of action compared with epidural local anaesthetics and the apparent absence of circulatory disturbances are attributed benefits l of epidural opioids. While numerous studies have demonstrated the superiority of this technique for pain control, only animal data is available documenting the circulatory effects of epidural opioids. 2 -4 Of related interest is whether epidural opioids alter hepatic blood flow and hence pharmacokinetics. 5 In order to determine whether epidural fentanyl has a significant effect on the cardiac output, mean systemic perfusion pressure, heart rate and hepatic blood flow, an investigation was carried out on patients presenting for thoracotomy.
MATERIALS AND METHODS
Institutional approval for the study was obtained, and ten patients presenting for elective thoractomy were studied after giving informed consent. The patients were scheduled for pleuridectomy or lobectomy and apart from their pulmonary complaint, were in good health. Liver function tests were normal in all patients and any patients with evidence of hepatic metastases were excluded.
The patients were brought to theatre one hour after receiving oral diazepam 10 mg and had intravenous and radial artery catheters inserted. A central venous catheter was placed via the basilic vein, correct placement in the superior vena cava verified by intra-cardiac electrocardiography.6 An epidural catheter (Portex Minipak, England) was then placed at the T6-T7 interspace using the lossof-resistance technique and the patient placed supine. Correct placement of the epidural catheter was subsequently verified by instillation of lignocaine 2% during the first postoperative day. All patients were maintained supine throughout the study. The study was completed in all patients prior to induction of general anaesthesia for thoractomy.
Baseline mean arterial pressure (MAP) and central venous pressure (CVP) were measured using a Hewlett Packard transducer, zero taken at the mid-axillary line. Heart rate (HR) was read from the ECG. Dye dilution cardiac output (CO) was measured with a COR-IOOA Cardiac Output Recorder (Waters Instrument Inc, Minnesota, USA). A dose of indocyanine green (ICG) 5 mg was injected into the central venous catheter and blood sampled from the radial artery: the mean of three determinations was taken. Arterial blood gas (ABG) analysis (Radiometer ABL4, Copenhagen, Denmark) was performed at this time. ICG clearance was determined using the constant infusion method 7 which results in a steady state plasma ICG level within fifteen minutes. A change in the clearance ofICG after administration of fentanyl to the epidural space reflects a reciprocal change in hepatic blood flow. A 25 mg loading dose of ICG (which included ICG used to determine the cardiac output) was followed by an ICG infusion of 1 mg/min for the next 50 minutes. Fifteen, 20 and 25 minutes after commencement of the infusion, 10 ml of blood was drawn from the arterial line to determine ICG plasma levels.
Fentanyl 50 Ilg diluted in 10 ml normal saline was then administered via the epidural catheter 25 minutes after commencement of the ICG infusion. This dose and concentration of fentanyl has an analgesic effect within five minutes of administration. 8 of the ICG infusion), further blood samples were drawn for plasma ICG levels. Upon collection of the last blood sample for plasma ICG level at 50 minutes since commencement of the ICG infusion, cardiac output estimation and measurement of mean arterial pressure, central venous pressure and heart rate were repeated. Arterial blood gas analysis was also repeated at this time.
Samples taken for ICG plasma levels were spun and the plasma stored for later analysis using a modification of the technique described by Rappaport and Thiessen. 9 Plasma ICG levels were assumed to be at a steady state if there was a variation about the mean of 5% or less. ICG clearance was calcualted as the infusion rate per minlCss where Css is the concentration of ICG at a steady state.
Cardiac index was calculated as mean cardiac outputlbody surface area (BSA), BSA calculated as height (cm)O.73 X weight (kg)0.43 X 0.007184. Perfusion pressure was taken as the difference between the mean arterial and central venous pressures.
Student's paired t-test was used to determine the significance of any alteration of measured variables before and after administration of the epidural opioid.
RESULTS
The ten patients had a mean (SEM) weight of 64 (2) kg, mean height of 169 (3) cm and a mean surface area of 1.79 (0.04) m 2 • Plasma 'concentrations of ICG reached a steady state for each patient before and after administration of epidural fentanyl. Haemodynamic parameters and ICG clearance were not significantly altered following administration of the epidural fentanyl. The changes in individual heart rate (HR), systemic perfusion pressure (SPP) and cardiac index (Cl) are shown in Figure 1 . Figure 2 shows the pre-and post-ICG Cl. Table 1 , together with mean difference (95% confidence intervals) between pre-and post-epidural fentanyl.
DISCUSSION
Measuring alterations in ICG clearance to estimate changes in hepatic blood flow is an established technique. I O-I2 Any change in the rate of ICG clearance reflects a reciprocal change in hepatic blood flow. This method avoids the need to place an hepatic vein catheter, a procedure not ethically appropriate in this group of patients. Hepatic blood flow in the surgical patient l3 can be altered by a variety of factors including posture changes, stress, volume shifts, intermittent positive pressure ventilation and different anaesthetic techniques. By studying patients preoperatively these sources of variability are eliminated. Arterial carbon dioxide levels, also known to alter hepatic blood flOW,14 remained constant during this investigation.
The absence of any significant circulatory disturbance following epidural fentanyl should not be extrapolated to other opioids used in the epidural space. Fentanyl is well known for its circulatory stability and lacks any detectable local anaesthetic action. Circulatory effects of other epidural opioids may be mediated by either a direct action within the central neural axis, or may result from migration of the opioid from the epidural space into the systemic circulation. Pethidine has inherent local anaesthetic activity and hence may cause sympathetic nervous system dysfunction and epidural pethidine has been implicated as having a deleterious effect in at least one patient. 15 Morphine in the thoracic epidural space causes reduced spontaneous heart rate, prolonged atrioventricular nodal conduction times and refractoriness, and reduced left ventricular dP/dt max in the anaesthetised dog, changes which are reversed by bilateral vagotomy.4 Morphine may also act directly on vascular beds causing splanchnic vasodilatation,16 a postulated mechanism for its capacity to relieve acute pulmonary oedema.
The rapid acceptance of epidural opioids for postoperative pain relief has not been matched by knowledge of their effect on individual organs. Most reports l7 • 18 do not mention cardiac output or peripheral resistance when describing the circulatory effects of this form of analgesia and hence significant reciprocal changes may go unnoticed. Alterations in hepatic blood flow are also of interest, as the clearance of drugs and hormones dependent upon hepatic blood flow for biotransformation may be altered. Apparent circulatory stability may mask significant haemodynamic events: Kennedy and co-workers 19 reported a 25% decrease in hepatic blood flow in a group of volunteers receiving epidural lignocaine, despite minimal changes in cardiac output and systemic vascular resistance. Epidural fentanyl causes no significant change in cardiac output, heart rate, peripheral resistance or hepatic blood flow, making it a suitable method of pain relief in haemodynamically compromised patients.
